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(57) ABSTRACT

A method and apparatus for estimating the contour of a user
object 1n a moving picture during video communications so
that a personal background image 1s not provided during
video communications. Information about center coordinates

as well as a s1ze of a face of the user object 1s extracted from
a moving picture frame. Edges are extracted from the moving
picture frame, and a boundary of a head of the user object 1s
estimated using a semicircle. The boundaries of left and night
shoulders and lett and right arms of the user object are esti-
mated using second-order function graphs that overlap a larg-
est portion of the edges. An entire contour of the user object 1s
estimated according to the boundaries of the head, the leftand
right shoulders, and the leit and right arms of the user object.
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METHOD AND APPARATUS FOR
ESTIMATING OBJECT CONTOURIN A
MOVING PICTURE

CLAIM OF PRIORITY

This application claims the benefit of priority under 35
U.S.C. §119(a) from a Korean Patent Application filed 1n the
Korean Intellectual Property Office on Feb. 1, 2008 and
assigned Serial No. 2008-10670, the entire disclosure of
which 1s hereby incorporated by reference 1n its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a method and apparatus for
motion picture estimation. More particularly, the present
invention relates to shielding a user’s privacy during video
communications or a video call.

2. Description of the Related Art

The 1ncreased development of moving picture compres-
sion and transmission technologies has increased the popu-
larity of video communications and/or video calls because of
the ability to transmit and receive better quality communica-
tions at increasingly lower costs. Yet, there has been little
progress 1n technically overcoming any of the adverse effects
relating to the video communications. For example, a major
adverse eflect of the video communications 1s that the place
where a user 1s located 1s broadcast along with his/her image,
thus impairing his/her privacy because the contents of one’s
room (and/or the condition e.g. clean, sloppy, etc.) 1s often in
the background of the user’s image. To avert this problem and
render the video communications active, a technique for dis-
tinguishing an object from a background in video communi-
cations and processing them separately 1s required. Accord-
ing to such a technique, the identified background can be
replaced by another background, the place of the user 1s not
known.

Techniques have been proposed 1n the art to distinguish an
object from a background 1n a moving picture. A major tech-
nique 1s referred to as a Snake Algorithm that represents the
boundary between an object and a background as straight
lines.

The Snake Algorithm detects the contour of the object by
repeatedly moving from user-input snake points toward
points that mimimize an energy function. To be more specific,
N points are set for the silhouette of the object and N-1
straight lines sequentially connecting the N points are com-
puted. The edge energy, elastic energy, and bend energy of the
whole straight line are computed and points with a minimum
sum ol energies are estimated within a predetermined range.
In this manner, the N points are updated repeatedly until they
converge to optimal points with minimum energies. The final
estimated combination of straight lines then forms the con-
tour of the object, as the object 1s thereby distinguished from
the background.

Therelore, the Snake Algorithm separates the object from
the background by computing the energies of straight lines.
Since energies are computed, optimized data can be extracted
for a total of pixels. Also, with the repetition-based conver-
gence, data 1s automatically achieved. However, the conven-

tional Snake Algorithm has some shortcomings 1n application
to video communication or video calls under a mobile envi-
ronment.

First, it 1s difficult to determine that points with optimal
edge, elastic, and bending energies form the silhouette of an
object 1n an 1mage with a complex background. Especially
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when the background has many edges and colors, silhouette
extraction 1s much more difficult when using the Snake Algo-

rithm. This drawback of the Snake Algorithm means that the

requirement for the Snake Algorithm 1s a simple background
for greater accuracy. This simple background requirement 1s
a severe restriction to video communications made through a
portable terminal 1n the mobile environment.

Moreover, the estimation of N points based on repeated
computations of minimum energies requires a large volume
of computation and takes a certain amount of time to com-
plete. There are difficulties in determining the 1nitial N points
and setting the range within which the N points should be
located. With the aforementioned shortcomings, the conven-
tional Snake Algorithm 1s not suitable for the estimation of
object contours 1n portable terminal-based video communi-
cations. Accordingly, there exists a need for a technique for
distinguishing an object from a background, to suit portable
terminal-based video communications and video calls.

SUMMARY OF THE INVENTION

An aspect of exemplary embodiments of the present mven-
tion 1s to provide a method and apparatus for estimating the
contour of an object 1n a moving picture having at least some
of the advantages described herein below. Accordingly, an
exemplary aspect of the present invention 1s to provide a
method and apparatus for estimating the contour of an object
in a moving picture, suitable for portable terminal-based
video communications and video calls.

In accordance with an exemplary aspect of the present
invention, there 1s provided a method for estimating the
boundary between a background and a user object 1n a mov-
ing picture during video communications, in which informa-
tion about center coordinates and a size of a face of the user
object 1s extracted from a moving picture frame, edges are
extracted from the moving picture frame, a boundary of a
head of the user object 1s estimated using a semicircle, bound-
aries of left and right shoulders and left and right arms of the
user object are estimated using second-order function graphs
that overlap the edges as much as possible (1.e. a largest
portion of overlap), and a whole (entire) contour of the user
object 1s estimated according to the boundaries of the head,
the left and night shoulders, and the leit and right arms of the
user object.

In accordance with another exemplary aspect of the present
invention, there 1s provided an apparatus for estimating the
contour of a user object 1n a moving picture during video
communications, 1n which a face detector extracts informa-
tion about center coordinates and a size of a face of the user
object from a moving picture frame, an edge extractor
extracts edges from the moving picture frame, and an object
detector estimates a boundary of a head of the user object
using a semicircle, estimates boundaries of left and right
shoulders and left and right arms of the user object using
second-order function graphs that overlap the edges as much
as possible (1.¢. a largest portion of overlap), and estimates a
whole contour of the user object according to the boundaries

of the head, the left and right shoulders, and the left and right
arms ol the user object.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawings will be provided by the U.S.
Patent and Trademark Office upon request and payment of the
necessary fees.
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The above and other exemplary objects, features and
advantages of certain exemplary embodiments of the present

invention will become more apparent from the following
detailed description taken 1n conjunction with the accompa-
nying drawings, 1n which:

FI1G. 1 illustrates a frame referred to describe the concept of
a method for estimating the contour of an object 1n a moving
picture according to an exemplary embodiment of the present
imnvention;

FIG. 2 1s a block diagram of an object contour estimator for
moving pictures according to an exemplary embodiment of
the present invention;

FIG. 3 1s a flowchart illustrating exemplary operative steps
for estimating the contour of an object contour in a moving
picture according to an exemplary embodiment of the present
imnvention;

FIGS. 4A to 4D are frames sequentially illustrating the
object contour estimation operation for a moving picture
according to the exemplary embodiment of the present inven-
tion;

FIGS. SA and 5B 1llustrate a exemplary case of wrong line
fitting 1n the object contour estimation operation for a moving
picture according to the exemplary embodiment of the
present invention;

FIG. 6 1llustrates an exemplary line fitting in the object
contour estimation operation for a moving picture according
to the exemplary embodiment of the present invention; and

FIG. 7 illustrates a final result 1n the object contour esti-
mation operation for a moving picture according to the exem-
plary embodiment of the present invention.

Throughout the drawings, the same drawing reference
numerals will be understood to refer to the same elements,
features and structures.

DETAILED DESCRIPTION

The matters defined 1n the description, such as a detailed
construction and elements, are provided to assist 1n a com-
prehensive understanding of exemplary embodiments of the
invention. Accordingly, those of ordinary skill in the art will
recognize that various changes and modifications of the
exemplary embodiments described herein can be made with-
out departing from the scope and spirit of the invention. Also,
descriptions of well-known functions and constructions may
be omitted for clarity and conciseness when their inclusion
may obscure appreciation of the subject matter of the present
invention by a person of ordinary skill 1n the art.

The present invention provides a method for distinguishing,
an object from a background in a moving picture during video
communications or a video call. Herein, the term “object”
typically refers to a user participating in video communica-
tions.

In accordance with an exemplary embodiment of the
present invention, the contour of an object can be estimated,
for example, by using a semicircle and second-order function
graphs. During video communications, the shapes of objects,
1.€. users are sumilar mostly. They can be represented using a
total of four second-order function graphs and one semicircle.

FI1G. 1 illustrates a frame referred to describe the concept of
a method for estimating the contour of an object 1n a moving
picture according to one exemplary embodiment of the
present invention.

Referring now to FI1G. 1, which 1s an 1image of the contours
of a human body. Typically, the human head 1s almost circu-
lar. In most video communications, the boundary of a jaw 1s
under those of a neck and shoulders and thus the jaw does not
need modeling. The left and right shoulders and the left and

10

15

20

25

30

35

40

45

50

55

60

65

4

right arms can be modeled using second-order function
graphs, as 1llustrated 1n FIG. 1. The second-order function
graphs that model the left and night shoulders are different.
Therefore, the object 1s modeled with one semicircle and four
second-order function graphs.

FIG. 2 1s a block diagram of one way an object contour
estimator may be arranged for moving pictures according to
an exemplary embodiment of the present invention. A trans-
mission apparatus and a reception apparatus to which the
present invention 1s applied under a stereo video environment
are illustrated in FIG. 2. In accordance with the exemplary
embodiment of the present invention, the object contour esti-
mator includes a face recognizer 211, an edge detector 212,
and an object detector 213, all of which can be arranged 1in a
single application module. While 1n general, the object con-
tour estimator resides 1n an 1mage transmitter and estimates
the boundary of an object, an 1mage recerver can also be
provided with the object contour estimator to perform the
object contour estimation. In the illustrated case of FIG. 2,
both the transmission and reception apparatuses have object
contour estimators.

Referring now to FIG. 2, a transmission apparatus 210
includes a face detector 211 for receiving an image captured
in a stereo video scheme and extracting the center coordinates
and radius of a face by a face detection algorithm, an edge
detector 212 for detecting edge information about an 1mage
using a Sobel operator, an object detector 213 for separating
an object from a background 1n the image by curve fitting and
line fitting, a stereo video encoder 214 for encoding stereo
video data, and a transmuitter 215 for transmitting the encoded
bit stream to a reception apparatus 250.

The reception apparatus 250 includes, for example, a
receiver 251 for recerving the encoded bit stream from the
transmission apparatus, a stereo video decoder 252 for decod-
ing the encoded bit stream, a face detector 253 for extracting
the center coordinates and radius of the face from the decoded
image by a face detection algorithm, an edge detector 254 for
detecting the edge information about the 1mage using a Sobel
operator, and an object detector 2535 for distinguishing the
object from the background 1n the 1mage by curve fitting and
line fitting.

Still referring to FIG. 2, the object detectors 213 and 255
estimate the contour of the object by performing curve fitting
and line fitting based on the face detection result and extracted
edge values and thus modeling each part of the object. The
object contour estimation will be described later 1n great
detail.

FIG. 3 1s a flowchart illustrating an example of operative
steps for estimating the contour of an object contour 1n a
moving picture according to an exemplary embodiment of the
present mvention. FIGS. 4A to 4D are frames sequentially
illustrating the object contour estimation operation for a mov-
ing picture according to the exemplary embodiment of the
present mvention. A process for modeling an object using a
semicircle and second-order function graphs will now be
described with reference to FIGS. 3 to 4D.

Referring now to FIG. 3, information about the center
coordinates and size of a face 1s acquired by a conventional
face detection algorithm 1n step 310. There are many face
detection algorithms. Among them, for example, an adaboost
algorithm 1s preferably used, which stores characteristic ele-
ments inherent to a face and detects a face by comparing the
characteristic elements with each pixel. Step 310 1s visually
illustrated in FIG. 4A.

In step 320, the edges of an 1mage can be extracted using,
for example, a Sobel operator, as 1llustrated 1n FIG. 4B. In
step 330, according to the present invention, curve fitting 1s
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performed based on the center coordinates of the face
acquired 1n step 310 and edge energies acquired 1n step 320.
The head of the object 1s first modeled to be semicircular and
then its left and right shoulders and left and right arms are
modeled using second-order function graphs.

In general, when the human head 1s modeled, the center
coordinates of the semicircle are set to those of the face that
are acquired by face detection. Then the radius of a circle 1s
determined based on the information about the face size and

an upper part of the head 1s modeled to an upper semicircle of
the circle with the center coordinates and the radius. Straight
lines are drawn down vertically from both end points of the
semicircle and the head of the object 1s wholly modeled by
adding the straight line to the points meeting the second-order
function graphs that model the shoulders to the semicircle.
The radius of the circle 1s determined based on the face size
information achieved by face detection. The radius can be
determined as the distance between the center coordinates of
the face and the boundary of the face that can be achieved
using the face size information.

Still referring to the flowchart in FI1G. 3, the center coordi-
nates of the second-order function graphs for the left and right
shoulders are set to those of the face extracted 1n step 310 and
theirr widths (the coefficients of second-order terms in the
graphs) are determined based on the edges of the image
extracted 1n FIG. 320. Specifically, the widths of the second-
order function graphs are set such that the graphs overlap
edges as much as possible. That 1s, the widths of the graphs
are set so that edgy energies, 1.¢. the differences between the
edges and the graphs, are minimized within an available
range.

When the left shoulder 1s modeled, the center coordinates
(1.e. vertex) of the second-order function graph for the left
shoulder are set and 1ts width 1s set so that as much of the left
part of the second-order function graph as possible overlaps
edges extracted from the 1image. The left part to the vertex of
the second-order function graph 1s the modeling result for the
left shoulder. The leit part means the curve on the lett of the
vertex of the second-order function graph. An artisan under-
stands and appreciates that left and right are terms of conven-
tion and while used 1n this context from the actual left shoul-
der of the object, depending on one’s position relative to the
object, such terms can also be reversed.

For the right shoulder, the center coordinates (1.¢. vertex) of
the second-order function graph for the right shoulder are set
and 1ts width 1s set so that as much of the rnight part of the
second-order function graph as possible overlaps edges
extracted from the image. The right part to the vertex of the
second-order function graph 1s the modeling result for the
right shoulder.

Astothe second-order function graphs for the left and right
arms, the coordinates of the top end of the face can be com-
puted based on the center coordinates and size of the face
extracted 1n step 310, and the center coordinates of the sec-
ond-order function graphs for the left and rnght arms can be
set to those of the top end of the face. The widths of these
second-order function graphs can be determined so that the
second-order function graphs overlap the edges extracted 1n
step 320 as much as possible.

When the left arm 1s modeled, the center coordinates of the
second-order function graph for the left arm can be set to
those of the top end of the face. The width of this second-order
function graph 1s determined so that the left part of the sec-
ond-order function graph overlaps the edges extracted from
the image. The left part of the vertex of the resulting second-
order function graph 1s the modeling result of the left arm.
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Also, the center coordinates of the second-order function
graph for the right arm are set to those of the top end of the
face. In addition, the width of this second-order function
graph 1s determined so that the rnight part of the second-order
function graph overlaps the edges extracted from the 1mage.
The night part of the vertex of the resulting second-order
function graph i1s the modeling result of the right arm. An
example of step 330 1s illustrated in FIG. 4C.

When the modeling of the head, arms and shoulders 1s
completed, their boundaries are extracted and thus head, arm,
and shoulder parts are roughly distinguished. Then a whole
object can be distinguished by adding overlap areas between
an area under the boundary of the head and areas under the
boundaries of the left and right arms to overlap areas between
areas under the boundaries of the shoulders and areas under
the boundaries of the arms.

An example of the object distinguished by the curve fitting
1s 1llustrated 1n FI1G. 4D. In step 340, line fitting 1s performed
based on the curve fitting.

FIG. SA 1llustrates an example of fragmentation for line
fitting 1n the object contour estimation method for a moving
picture according to the exemplary embodiment of the
present invention.

Referring now to FIG. 5A, the curve resulting from the
curve fitting 1s divided into fragments, each fragment having
a predetermined equal width, and a height 1s set for each
fragment so that the fragment can accommodate the esti-
mated object boundary curve belonging to the fragment. In
this case, the height 1s equal to or larger than a predetermined
value.

Subsequent to the division of the curve fitting into frag-
ments, a line that most overlaps with the boundary of the
object 1s estimated for each fragment, taking into account all
possible lines for the fragment.

As 1llustrated 1n FIG. 3B, 1t 1s possible that the line fitting
could lead to wrong boundary estimation. To avoid this prob-
lem, the present invention re-estimates the boundary based on
reliability. A further discussion of reliability follows.

To increase the reliability of the object modeling, the long-
est estimated line resulting from the line fitting, that 1s, frag-
ments connected to one another by the longest line, are con-
sidered to have the highest reliability, and a subsequent
fragment 1s re-estimated based on the longest line. Referring
to FIG. 5B, the line fitting results 1n a leit line passing across
three fragments, a middle line 1n one fragment, and a right line
passing across two fragments. The left line 1s considered to be
highly reliable and thus re-estimation 1s performed based on
the left line.

FIG. 6 1illustrates an exemplary re-estimation during line
fitting 1n the object contour estimation operation for a moving
picture according to the exemplary embodiment of the
present invention. Referring now to FIG. 6, the reliability of
boundary estimation can be increased, for example, by start-
ing lines 1n re-estimated fragments from the ends of a previ-
ous estimated line.

In step 350, the object 1s distinguished from the back-
ground as a result of the curve fitting and the line fitting.

FIG. 7 then illustrates a final result 1n the object contour
estimation operation for a moving picture according to the
exemplary embodiment of the present invention. The object
illustrated in FIG. 7 can be achieved by the above-described
object contour estimation method. Since the object 15 esti-
mated using four second-order function graphs and one semi-
circle, the contour of the object can be extracted efficiently 1n
a short time with a reduced volume of computation.

As 1s apparent from the above description, the present
invention advantageously extracts the contour of an object
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elfectively even from an image with a complex background
during video communications. Due to a small amount of
computation, the present invention 1s suitable for a portable
terminal and also for real-time video communications.

While the mnvention has been shown and described with
reference to certain exemplary embodiments of the present
invention thereot, they are mere exemplary applications. For
example, the boundaries of the shoulders and arms can be
estimated using a total of two second-order function graphs,
one for the shoulders and the other for the arms, instead of
four second-order function graphs. Also, the entire contour of
the object may be provided to an image transmitter or other
transmitter of a module for video or audio-visual communi-
cations, and/or stored in memory. The contoured image could
be sent as a still 1mage, thus protecting privacy as the back-
ground 1s missing, and permit the user to project this image as
a still image along with real time audio communication. For
example, 11 a user 1s awoken from sleep for a video commu-
nication and does not want their present image to be pro-
jected, the stored contour image can be retrieved from
memory and projected to the other parties of the communi-
cation. Thus the privacy of the user can be maintained on
more than one level.

Thus, 1t will be understood by those skilled in the art that
various changes 1n form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A method for estimating the boundary between a back-
ground and a user object of an 1mage 1n a moving picture
during video communications, comprising;:

(a) extracting mformation comprising center coordinates
and a size of a face of the user object from a moving
picture frame;

(b) extracting edges of the user object from the moving
picture frame;

(c) estimating a boundary of a head of the user object by
setting a semicircle to the head;

(d) estimating boundaries of left and right shoulders and
left and right arms of the user object with second-order
function graphs that overlap a largest portion of the
edges; and

() estimating an entire contour of the user object accord-
ing to the boundaries of the head, the left and right
shoulders, and the left and right arms of the user object.

2. The method according to claim 1, further comprising (1)
providing the entire contour of the user object to an 1mage
transmuitter.

3. The method according to claim 1, further comprising
storing the entire contour of the user object.

4. The method of claim 1, wherein the information extrac-
tion comprises extracting the information about the center
coordinates and the size of the face by a face detection algo-
rithm.

5. The method of claim 1, wherein the edge extraction
comprises extracting the edges by a Sobel operator.

6. The method of claim 1, wherein the head boundary
estimation in step (¢) comprises setting a center of the semi-
circle to the center coordinates of the face, determining a
radius of the semicircle using the information about the size
of the face, and estimating the boundary of the head of the
user object by adding an upper semicircle of a circle drawn
with the center and the radius of the semicircle to straight
lines drawn down vertically from both ends of the upper
semicircle.
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7. The method of claim 1, wherein the boundary of the left
shoulder estimation in step (d) comprises setting a vertex of a
second-order function graph for the left shoulder to the center
coordinates of the face, determining a width of the second-
order function graph for the left shoulder so that the second-
order function graph for the left shoulder overlaps a largest
portion of the edges, and estimating the boundary of the left
shoulder using a left part of the vertex on the second-order
function graph for the left shoulder.

8. The method of claim 1, wherein the boundary of the right
shoulder estimation comprises setting a vertex of a second-
order function graph for the right shoulder to the center coor-
dinates of the face, determining a width of the second-order
function graph for the rnight shoulder so that the second-order
function graph for the right shoulder overlaps a largest por-
tion of the edges, and estimating the boundary of the right
shoulder using a right part of the vertex on the second-order
function graph for the right shoulder.

9. The method of claim 1, wherein the boundary of the left
arm estimation comprises computing coordinates of a top end
of the face based on the information about the center coordi-
nates and size of the face, setting a vertex of a second-order
function graph for the left arm to the coordinates of the top
end of the face, determining a width of the second-order
function graph for the left arm so that the second-order func-
tion graph for the left arm overlaps a largest portion of the
edges, and estimating the boundary of the left arm using a left
part of the vertex on the second-order function graph for the
left arm.

10. The method of claim 1, wherein the boundary of the
right arm estimation comprises computing coordinates of a
top end of the face based on the information about the center
coordinates and size of the face, setting a vertex of a second-
order function graph for the right arm to the coordinates of the
top end of the face, determining a width of the second-order
function graph for the right arm so that the second-order
function graph for the right arm overlaps a largest portion of
the edges, and estimating the boundary of the right arm using
a right part of the vertex on the second-order function graph
for the right arm.

11. The method of claim 1, wherein the entire contour of
the user object estimation comprises:

setting overlap areas between an area under the boundary

of the head and areas under the boundaries of the left and
right arms as first common areas;

setting overlap areas between an area under the boundaries

of the left and right shoulders and areas under the bound-
aries of the left and right arms as second common areas;
and

determining the sum of the first and second common areas

to be the whole user object.

12. The method of claim 1, further comprising, after the
entire contour of the user object estimation, performing a
secondary contour estimation by dividing the contour of the
object mto fragments each having a predetermined equal
width, setting a height for each of the fragments such that an
estimated object boundary curve passing through the frag-
ment can be accommodated within the fragment, and estimat-
ing a line that overlaps a largest portion of the edges as much
as possible 1n each fragment.

13. The method of claim 12, further comprising, after the
secondary contour estimation, re-estimating the object con-
tour sequentially 1n fragments starting from a fragment next
to a longest of lines estimated in the fragments.

14. The method of claim 13, wherein a re-estimate line
includes an end point of a previous estimated line 1n an
adjacent fragment.
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15. An apparatus for estimating the contour of a user object
in a moving picture image during video communications,
comprising;

a face detector for extracting information about center
coordinates and a size of a face of the user object from a
moving picture frame;

an edge extractor for extracting edges from the moving
picture frame; and

an object detector for estimating a boundary of a head of
the user object by setting a semicircle to the head of the
user object, for estimating boundaries of left and right
shoulders and left and right arms of the user object using
second-order function graphs that overlap a largest por-
tion of the edges, and estimating an entire contour of the
user object according to the boundaries of the head, the
lett and right shoulders, and the left and right arms of the
user object.

16. The apparatus of claim 15, wherein the face detector
extracts the information about the center coordinates and size
of the face by a face detection algorithm.

17. The apparatus of claim 15, wherein the edge extractor
extracts the edges using a Sobel operator.

18. The apparatus of claim 15, wherein the object detector
sets a center of the semicircle to the center coordinates of the
face, determines a radius of the semicircle using the informa-
tion about the size of the face, and estimates the boundary of
the head of the user object by adding an upper semicircle of a
circle drawn with the center and the radius of the semicircle to
straight lines drawn down vertically from both ends of the
upper semicircle.

19. The apparatus of claim 15, wherein the object detector
sets a vertex of a second-order function graph for the left
shoulder to the center coordinates of the face, determines a
width of the second-order function graph for the leit shoulder
so that the second-order tunction graph for the left shoulder
overlaps a largest portion of the edges, and estimates the
boundary of the left shoulder using a left part of the vertex on
the second-order function graph for the left shoulder.

20. The apparatus of claim 15, wherein the object detector
sets a vertex of a second-order function graph for the rnight
shoulder to the center coordinates of the face, determines a
width of the second-order function graph for the right shoul-
der so that the second-order function graph for the right
shoulder overlaps a largest portion of the edges, and estimates
the boundary of the right shoulder using a right part of the
vertex on the second-order function graph for the right shoul-
der.
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21. The apparatus of claim 15, wherein the object detector
computes coordinates of a top end of the face based on the
information about the center coordinates and size of the face,
sets a vertex of a second-order function graph for the left arm
to the coordinates of the top end of the face, determines a
width of the second-order function graph for the left arm so
that the second-order function graph for the left arm overlaps
a largest portion of the edges, and estimates the boundary of
the left arm using a left part of the vertex on the second-order
function graph for the left arm.

22. The apparatus of claim 15, wherein the object detector
computes coordinates of a top end of the face based on the
information about the center coordinates and size of the face,
sets a vertex ol a second-order function graph for the right arm
to the coordinates of the top end of the face, determines a
width of the second-order tunction graph for the right arm so
that the second-order function graph for the right arm over-
laps a largest portion of the edges, and estimates the boundary
of the nght arm using a right part of the vertex on the second-
order function graph for the rnght arm.

23. The apparatus of claim 15, wherein the object detector
sets overlap areas between an area under the boundary of the
head and areas under the boundaries of the left and right arms
as first common areas, sets overlap areas between an area
under the boundaries of the left and right shoulders and areas
under the boundaries of the left and right arms as second
common areas, and determines the sum of the first and second
common areas to be the whole user object.

24. The apparatus of claim 15, wherein after estimating the
entire contour of the user object, the object detector performs
a secondary contour estimation by dividing the contour of the
object mto fragments each having a predetermined equal
width, setting a height for each of the fragments such that an
estimated object boundary curve passing through the frag-
ment can be accommodated within the fragment, and estimat-
ing a line that overlaps a largest portion of edges in each
fragment.

235. The apparatus of claim 24, wherein after the secondary
contour estimation, the object detector re-estimates the object
contour sequentially 1n fragments starting from a fragment
next to a longest of lines estimated 1n the fragments.

26. The apparatus of claim 25, wherein a re-estimate line
includes an end point of a previous estimated line 1 an
adjacent fragment.
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